Objective: Measuring physical function in children with obesity is important to provide targets for clinical intervention to reduce impairments and increase participation in activities. The objective of this integrative review was to evaluate measurement properties of performance-based measures of physical function in children with overweight and obesity. Design and Methods: An integrative review of literature published in Cochrane Reviews, SPORTDiscus, CINAHL, PLoS, Medline, and Scopus was conducted. Results: Twenty-eight studies were eligible and represented 66 performance-based measures of physical function. Assessments of repeatability and feasibility were not conducted in the majority of performance measures reported; only 6-min-timed walk (6MTW) was examined for test-retest repeatability. Measures of flexibility, strength, aerobic performance, anaerobic performance, coordination, and balance demonstrated construct validity and responsiveness; however, findings were inconsistent across all performance-based measures. Multi-item tests of physical function demonstrated acceptable construct validity and responsiveness; however, internal consistency was not determined. Conclusions: There is moderate evidence that 6MTW is suitable for the measurement of physical function in children with obesity. However, evidence is low for the use of aerobic and anaerobic performance, muscle strength, Movement Assessment Battery for Children, and Bruininks-Oseretsky Test of Motor Proficiency multi-item performance instruments and very low for flexibility, coordination, and balance tests. Based on this review, measurement of physical function using 6MTW is recommended.
Introduction
Increasing recognition of the health burden and long-term economic challenges of childhood obesity underpins the importance of optimum and effective healthcare interventions for children with obesity. Evidence shows that childhood obesity is associated with compromised musculoskeletal function and musculoskeletal pathologies (1) (2) (3) (4) and warrants access to rehabilitation services. Childhood obesity is associated with poorer health-related quality of life (5) (6) (7) and linked with a range of functional problems, including an increased risk of pain, discomfort and joint stiffness (particularly in the feet and lower extremities; refs. 8 and 9), postural deformities (10) , and orthopedic complications (11, 12) . Findings from a recent review looking at the impact of childhood obesity on physical function and disability further highlighted problems in children with obesity with deficits in function that included impaired cardiorespiratory fitness, performance in motor tasks, and decrements in muscle strength, gait, and balance (13) . Physical activity is key to the prevention and management of obesity (14) , maintaining good musculoskeletal health (1, 2) , and mitigating orthopedic comorbidity and functional impairment (1) . Despite this, the complexities and poor robustness of measuring physical function and the ability to measure effective rehabilitation remain a challenge. There is a lack of consensus on what tools are appropriate to characterize and monitor physical function in children with obesity (13) . Furthermore, current understanding on the measurement properties of clinical tools used to evaluate the features of physical function is lacking.
Physical function is a complex phenomenon and challenging to measure because of the multidimensional constructs (15) . Within the International Classification of Functioning, Disability and Health (ICF) Framework (16) , the term function encompasses complex interactions between any given health condition, body structures and functions, activity and participation, and contextual factors ( Figure 1 ). Physical function fits into the ''activity'' domain of the ICF framework, which relates to the execution of a task or action by an individual and has been described as the ability to ''move around'' and perform ''daily activities'' (16) . The choice of outcome measure for evaluating physical function is important to objectively determine baseline function prior to treatment and to evaluate the efficacy of intervention. Physical ability and function vary widely during childhood growth, and outcome measures appropriate for both the young and adolescent child are necessary. Outcome measures for assessing physical function can be self-reported or standardized performance measures; however, given the challenges with defining function, it is no surprise that multiple outcome measures have emerged in the scientific literature.
The aim of this study was to undertake an integrative review of the literature on the measurement properties (i.e., validity, internal consistency, repeatability, responsiveness, and feasibility) of performancebased methods that have been used to assess physical function in children and adolescents with obesity and overweight. The findings from this integrative review will inform discussion around the optimum measures to use in this field through a robust synthesis and critical evaluation of current knowledge. This in turn will provide clinicians and investigators a basis to choose performance-based methods for use in clinical practice or for future research.
Methods
Using the search strategy described in Supporting Information Table  S1 , a review of the following data sources from January 1990 to February 2014 was undertaken: Cochrane Library, EBSCO (SPORTDiscus and CINAHL), PLoS, PubMed (Medline), and Elsevier (Scopus). All titles and abstracts generated by the search were independently screened for inclusion by two authors (R.M. and S.C.M.). Disagreement between authors was discussed and consensus reached. The search was restricted to English language and met the following criteria: 1) cross-sectional study design and 2) described the use of a clinician-assessed method, clinical evaluation, or a measurement tool (multi-item/task scored assessment) to record an aspect of physical function in children and adolescents age 5 to 19 years with overweight/obesity (OW/OB). Methods recording 1) self-perceived patient reported physical function; 2) longitudinal or intervention studies; 3) measures requiring expensive sophisticated equipment such as threedimensional gait analysis, isokinetic dynamometers, or accelerometers; 4) no specific aim to study physical function in children with OW/OB; and 5) endogenous OB (e.g., Down's syndrome) were excluded. In addition, conference proceedings, unpublished reports and case series reports, and studies where OW/OB were not standardized to reference population-derived data sets and cutoffs (e.g., BMI z-scores) or adiposity estimates (e.g., skin folds and DEXA) were excluded.
Evaluation of measurement properties
The consensus-based standards for the selection of health status measurement instruments (COSMIN) study determined validity, reliability, and responsiveness and were key to evaluate the methodological quality of studies on measurement properties. Standardized definitions and criteria to assess construct validity, internal consistency, repeatability, and responsiveness together with feasibility were applied using previously established guidelines (17, 18) . Measurement properties were rated as positive (1), negative (2) , or indeterminate (?) depending on the methods and results of the study. If no information was available, a zero was recorded.
Construct validity. The extent to which the result of a particular measure is related to other measures, disease severity or clinical evidence. Results were determined using correlation or regression analysis (where there was a correlation with other measures of physical performance or disease activity, ''a1'' was scored; if alternate statistical method undertaken or statistical significance not reported, ''a?'' was scored; where there was no correlation with other measures of physical performance or disease activity, ''a2'' was scored; and if there was no information about construct validity, a ''0'' was scored).
Internal consistency. The extent to which items in a subscale were interrelated and measured the same dimension; determined using Cronbach's alpha (where Cronbach's alpha 0.70, ''a1'' was scored; if alternate statistical method undertaken, ''a?'' was scored; where Cronbach's alpha was <0.70, ''a2'' was scored; and if there was no information about internal consistency, a ''0'' was scored).
Repeatability. The extent to which repeated measurements were reported to be the same. Intraclass correlation coefficient (ICC) or kappa for ordinal/dichotomous data were considered an appropriate measure, and the use of Pearson's/Spearman's correlation coefficient and coefficient of variation (CoV) were considered inadequate due to neglect of systematic error (where ICC or k was 0.70, ''a1'' was scored; if an alternate statistical method undertaken, ''a?'' was scored; where ICC or k was < 0.70, ''a2'' was scored; and if there was no information about test-retest reliability, a ''0'' was scored).
Responsiveness. The ability of the measure to detect difference in the concept being measured or to identify impairment (if significant P, 0.05 group difference in mean 6 SD or median 6 IQR of group comparison, ''a1'' was scored; if no significant group difference, ''a2'' was scored; and where there was no statistical analysis or no information on responsiveness, a ''0'' was scored).
Feasibility. The equipment, space, time, cost, and training required to administer, record, score, and interpret the outcome measure was recorded. The feasibility of the measures was not rated; however, the appropriate considerations are presented. Rating was not undertaken to determine feasibility because the relevance is dependent on the application and intended use of the outcome measure. 
Data extraction
A description of the outcome measure was extracted from the included studies along with a description of the patient characteristics: age, gender, number of children assessed, including number with OW/OB, and study design. Data on measurement properties were extracted and recorded in accordance with the criteria previously stated. ''Measures'' was defined as the physical function concept being measured (e.g., strength and aerobic performance), and ''test'' refers to the method, protocol, or technique used (e.g., 6-min-timed walk test [6MTW] and sit-up) to quantify the physical function measure.
Data synthesis
Identified outcome measures are described together with details of their use. Evidence of construct validity, internal consistency, testretest repeatability, responsiveness, and feasibility is reported and pooled data summarized. Risk of bias in relation to study design and the review process is discussed. Methodological quality of individual studies was assessed using the COSMIN guidelines and summarized using the Cochrane Reviews GRADE criteria. Four levels of quality are specified:
High: randomized studies with low risk of bias OR methodologically well-designed observational studies with large, consistent, and precise estimates of the magnitude of an effect, and there is a clear consistent dose-outcome response gradient. Moderate: randomized studies with unclear bias OR well-designed observational studies with large, consistent, and precise estimates of the magnitude of an intervention effect. Low: randomized studies with high risk of bias OR sound observational studies with consistent estimates of the magnitude and direction of an effect. Very low: randomized or observational studies with serious methodological limitations and high risk of bias.
Summary of Evidence Search strategy and selection of articles
The initial search strategy resulted in 4,511 publications. Following screening of titles and abstracts, 103 studies met the inclusion criteria and were accessed for review of the full text, of which 28 eligible studies were included in the review (see Table 1 and Figure 2) . Full-text studies were excluded for a number of reasons: 1) the study lacked an aim relating to performance-based or measurement properties of physical function (34 studies); 2) the study adopted sophisticated equipment which would not typically be available in the clinical environment (17 studies); and 3) the study lacked definition of OW/OB according to referenced population data sets and cutoffs (14 studies).
Participant characteristics
Outcome measures were administered to 36,279 children (18,262 girls) aged between 5 and 18 years ( Table 1 ). The number of children with OW/OB in all studies was 9,806 based on BMI z-scores and percentage body fat (% BF). The proportion of children with OW/OB in each study ranged from 12 to 100% of the total participants. Only two of the 28 studies evaluated children with OW/OB exclusively (19, 20) . Of the remaining studies, 25.7% of the participants had OW/OB, and the remainder were children with healthy weight (HW). (20) (21) (22) (23) (24) (25) (26) (27) (28) 30, (37) (38) (39) (40) (41) (42) ; anaerobic performance (nine studies, 6,545 children): shuttle and sprint runs, timed up-and-down stairs, and timed up-and-go (19, 22, 26, 27, 29, (31) (32) (33) (34) ; coordination and balance (nine studies, 2,914 children): plate taping, agility tasks, one-leg balance, timed up-and-go, and step tests (22, 23, 30, 34, 41, (43) (44) (45) (46) ; and multi-item instruments recording performance scores (eight studies, 2,334 children; refs. 27, 28, 30, 32, 38, 43, 45, 46 41) , and nine studies normalized the performance measure to referenced standardized scores (27, 28, 30, 34, 38, 42, 43, 45, 46) .
Outcome measures

Measurement properties
The measurement properties for the 66 performance tests are detailed in Table 1 and summarized in Table 2 . When comparing between studies, the term ''performance'' was used rather than the specific units used to measure physical performance to avoid confusion between different measurement concepts (e.g., aerobic performance can be greater if more distance is covered in a set time or less time is taken to cover a set distance).
Construct validity. Construct validity was assessed in all six of the domains of physical function.
Flexibility. Reduced sit-and-reach distance was associated with OW/OB in boys and girls determined by % BF (21, 24) ; however, when determined by BMI z-score, no relationship was found with OW/ OB (21) . This highlights the challenge of synthesizing data where OW/OB is determined by different methods. No correlation was found when the v-sit version of the sit-and-reach test was used (27) . The sitand-reach and v-sit protocol both reflect flexibility of the back, legs, and shoulders; however, the v-sit version of the test was performed without the need for a box to standardize and stabilize the position of the foot, which may have contributed to the lack of association.
Strength. Reduced sit-up performance was associated with OW/ OB determined by BMI z-score (21,30), but not when OW/OB was determined by % BF (21) , further highlighting discrepancies when 
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In all tests (beam, hop, board, jump, total performance), HW significantly (P < 0.001) outperformed OW who Significantly (P < 0.001) outperformed OB. 
Significantly better scores for ball skills (P < 0.05), static and dynamic balance (P < 0.01), total score (P < 0.01) in HW and OW compared with OB.
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Review of Physical Function in Children with OW/OB Mahaffey et al. (27) and push-ups (27, 30) were used as measures of strength. OW/OB was associated with reduced performance of a horizontal jump in boys and girls (24, 31) , vertical jump (36) in girls but not boys (32) , and sit-to-stand where only girls were assessed (30) . An explanation for the contrast in findings is not clear; however, studies showing no association recruited lower participant numbers (i.e., n < 100) when compared with the studies which did find associations (n range, 116-13,500; refs. 21,24,31,32,34). Reduced strength, measured by the BOT2 including push-ups, sit-ups, and horizontal jumps, was associated with OW/OB (34). One study found reduced throwing performance was associated with OW/OB in girls measured by % BF (32); however, one study found no association in girls and boys measured by BMI z-score (35). The reason for gender differences is not clear; however, the comparison of strength values and performance in boys is challenging because of pubertal influences; the gender differences found indicates the importance of controlling for pubertal status when studying boys.
Aerobic performance. Reduced performance of 9-min run/walk (21), 1 =4/ 1 =2/1-mile run (27) , 800/1,600-m walk/run (24) , and Leger shuttle run (37) was associated with children with OW/OB. Distance walked in 6 min correlated with OB/OB in two studies (40, 41) , but not a third study which recruited a smaller cohort (n 5 86 compared with n 5 347 and 239 in studies 40 and 41, respectively; ref.
30).
Anaerobic performance. Mixed findings on relationships between anaerobic performance and OW/OB were found. Reduced shuttle run performance was associated with OW/OB in two studies (31,34) but not associated in two other studies (27, 32) . The two studies to find associations both used 10 m 3 5 m shuttles, whereas the two studies that did not find associations used only 4 m 3 5 m shuttles (32), or no information was provided (27) . It is possible that fewer shuttle runs were insufficient to draw out performance-related relationships with OW/OB. Reduced sprint performance was associated with OW/OB measured by % BF (32) and power output during step climbing measured by fat-free mass in OW/OB (19) .
Coordination and balance. Reduced static balance (34) and time taken to ascend and descend a set of stairs (41) was associated with OW/OB and was not associated in other studies (27, 30) . Differences in timed up-and-down stairs may be related to sample size. Responsiveness. Responsiveness was assessed in all six of the domains of physical function.
Tsiros et al. (41) reported associations with BMI SD on 239
Flexibility. Findings were inconsistent for flexibility performance with two studies reporting poorer performance in OW/OB when compared with HW (26, 28) , and five studies found no differences between OW/OB and HW (22) (23) (24) (25) (26) . The study of Joshi et al. (28) was the only study to measure flexibility of the upper body (shoulder stretches); the difference in this flexibility measure may have led to the contrasting finding between other flexibility studies which used sit-and-reach technique. The one study to find significant differences in sit-and-reach performance between HW and OW/ OB stratified the sample by gender and age group (6-9 years and 10-13 years; ref. 26) . Differences between groups in other studies may have been hidden in variation between age groups and genders.
Strength. Most studies (n 5 21) reported that strength performance was significantly lower in OW/OB (22) (23) (24) (25) (28) (29) (30) (33) (34) (35) ; however, two studies found significantly higher performance in OW/OB (29, 35) , and seven studies reported no differences between OW/OB and HW groups (23, 28, 30, 36, 42) . Responsiveness of strength tests for sit-ups, horizontal jump, vertical jump, push-ups, bent-arm hangs, and sit-to-stand demonstrated lower performances in children with OW/OB when compared with HW (22) (23) (24) (25) 28, 30, (33) (34) (35) . Only strength measures where body mass was not lifted against gravity (i.e., throwing), OW/OB performed better than HW (29, 35) . Aerobic performance. Most studies (n 5 14) reported that aerobic performance was significantly lower in OW/OB (22, (24) (25) (26) (28) (29) (30) 38, (40) (41) (42) ; however, three studies found no differences between OW/OB and HW groups (26, 39, 42) . Three studies found significant differences in 6MTW performance between OW, OB, and HW groups (30, 40, 41) . In contrast, Guinhouya (39) found no significant difference in 6MTW when comparing a group of OW girls with a healthy group of girls; however, the lack of an OB group may have influenced these findings.
Anaerobic performance. Performance of anaerobic tests was significantly lower in OW/OB in five tests (22, 29, 33, 34) , and no differences were found in one test (26) . The possible reason for finding no significant difference in anaerobic performance in the study by Malina et al. (26) was the low sample size of participants with OW/OB; of girls and boys age 6-7 to 8-9 years, 15 participants with OW/OB were reported in each gender, and of girls and boys age 9-10 to 11-12 years, 27 and 22 participants with OW/OB, respectively, were reported.
Coordination and balance. There was significantly poorer performance in coordination and balance tests in children with OW/OB for 15 tests (34, 41, (43) (44) (45) (46) , and no differences were found in 15 tests (22, 23, 30, 45, 46) . The range and variation of tests for coordination and balance may underlie the reason for contrasting findings between studies. The tests ranged from predominantly coordinationbased measures such as plate tapping and posting/treading/writing to whole body dynamic balance measures such as jumping side-to-side and hopping. Although coordination and balance are commonly examined together during the same test, there is a need to appropriately define the measure for between-study comparisons.
Multi-item performance instruments. All instruments that measured responsiveness (four tests) found significantly poorer performance of children with OW/OB when compared with HW children (30, 38, 43, 45) .
Feasibility. Table 3 presents the data provided on the conditions under which measurements were recorded: the time taken to carry out the procedures, the expertise of the person(s) administering the tests, and the equipment requirements. In most of the studies, measures of time (stopwatch), distance (tape measure, sit-and-reach box), and repetitions were included; however, information on the specific measurements was often lacking in many of the studies reviewed.
Study design
Insufficient reporting of study population in terms of BMI z-scores reference data and % BF measures, together with differences in the reference values and cutoffs used for OW/OB categories limit interpretability of this review. Of the five studies to define OW/OB by % BF measures, 71% of the ratings were positive when compared with only 27% rating when OW/OB was defined by BMI z-score. Sophisticated body composition measures such as DEXA (41) may provide better sensitivity for defining OW, OB, and HW groups when compared with skin fold, bioelectrical impedance analysis (BIA), and BMI zscore, but places participants at risk of radiation exposure thereby reducing its clinical application. Eleven studies (44%) used the International Obesity Task Force (IOTF) reference data set to calculate BMI z-scores, seven studies (28%) used the Centre for Disease Control and Prevention (CDC) reference data set, six (24%) referred BMI to national data sets, and one study did not reported the reference data set. Cutoffs were also defined differently between studies, 15 studies (60%) used the IOTF cutoffs for HW, OW, and OB (based on adult cutoffs of 25 and 30 kg/m 2 for women and men at 18 years, respectively); five (20%) used CDC cutoffs (95th percentile 5 OB, 85th to <95th percentile 5 OW); two (8%) referenced national cutoffs; and three (12%) did not reference their cutoffs. Many regression-type analysis of physical function were excluded from this review because BMI was not presented as a BMI z-score despite the studies using BMI zscore to define the number of participants with OW/OB.
All studies included boys and girls in their samples; however, only nine studies (14%) separated results by gender. Many studies included a comparison of physical function between boys and girls but did not separate the cohort into gender categories for comparison between groups of HW and OW/OB. Performance differences in all physical function domains (except coordination and balance) were found to differ in the studies that stratified their sample into boys and girls, suggesting gender differences in physical function exist in children with OW/OB.
The majority of the studies analyzed performance using the raw outcome data, 10 studies converted the raw data to scores/centiles based on standardized reference values, and four studies referenced the raw data to centiles within the cohort of children in the study sample. Of the four studies to report outcome data to within cohort variation, three (29, 31, 41) found significant construct validity and/or responsiveness results for all measures of physical function. Hamlin et al. (36) found no construct validity for boys and no responsiveness for boys or girls; however, the sample size was low (n 5 54), which means that cohort variation may have been small. Of the nine studies to report outcome data relative to standardized reference values, seven studies (27, 28, 30, 38, 43, 45, 46) produced multi-item scores all of which demonstrated significant construct validity and/or responsiveness. The two studies that did not produce multi-item scores (34, 42) were based on reported multi-item tests (BOT-2 and Fitnessgram), and only the individual tests were reported. The benefit of referring outcome measures to standardized values is that cutoffs for the level of performance (e.g., poor, normal, and high) can be used to define the amount of physical function. However, standardization relies on the reference sample being of large enough numbers and spread of values that cutoffs (which maybe arbitrarily chosen) can be derived. Consideration of the type of analysis should be undertaken based on the design and aim of the study.
Limitations of the summary of evidence
It is acknowledged that there are no standardized criteria to assess the measurement properties of performance-based physical function and alternative criteria applied to the data may produce different interpretations. Non-English publications, conference proceedings, unpublished reports, and case series reports were not included. The search was limited to cross-sectional studies to establish the baseline measurement properties. It is acknowledged that the omission of longitudinal and intervention studies may lead to bias and an underestimation of the responsiveness of measures. However, understanding the effects of interventions on measurement properties would require further review and analysis. A further review of longitudinal and intervention studies should be conducted to fully analyze outcome measures of physical function in children with OW/OB. Only Malina et al. (26) stratified their sample population by age and found differences between age groups 6-7 to 8-9 years and 9-10 to 11-12 years in boys and girls (Mexican school grades 1-3 and 4-6), respectively. Differences in age groups may underlie some of the contrasting findings in this review. Fourteen studies (50%) sampled only children aged 5-12 years, 12 studies (43%) sampled children and adolescents (age range crossed 12-13 years), and two studies (7%) sampled only adolescents aged 13-18 years. Future studies should consider recruiting or stratifying samples by child/adolescent age ranges. Of particular interest to this review was the exclusion of sophisticated equipment such as three-dimensional (3D) motion capture. Although the inclusion of measurement properties of sophisticated equipment would be useful, it was beyond the scope of this review which focused on tools commonly used in clinical practice. Most studies in this review were observational cohort studies and did not set out any hypotheses to evaluate measurement properties, which may explain why many received indeterminate or negative ratings. Hypothesis testing is needed to establish which outcomes should be used for answering specific clinical and research questions.
Key Summary of Evidence
• Of the 66 measures identified, only the 6MTW test was examined for all measurement properties (internal consistency not appropriate).
• There is moderate evidence that the 6MTW test is suitable for monitoring physical function.
• There is low evidence that time and distance measures of aerobic performance, anaerobic performance measured with 10 m 3 5 m sprints (but not when few repetitions are utilized), and multi-item performance instruments (in particular the MABC and BOT2) may be suitable for monitoring physical function in children with OW/ OB (but test-retest repeatability is lacking). Internal consistency of the multi-item tests has been determined in other pediatric populations (48, 49) ; however, it has not been evaluated specifically in children with OW/OB.
• There is low evidence in girls with OW/OB and insufficient evidence in boys that strength measured with a full sit-up and horizontal jump is suitable for monitoring physical function in children with OW/OB (but test-retest repeatability is lacking).
• There is very low evidence that measurement of flexibility, coordination, and balance tests are suitable methods of monitoring physical function in children with OW/OB.
• More positive ratings were given to studies that measured OW/OB by % BF when compared with studies that used BMI z-score; although to date, no established cutoffs for defining OW/OB by % BF have been determined.
• Few of the studies included in this review set out with the aim to investigate the measurement properties of outcome measures for physical function. Future work is needed, in particular, to understand the repeatability of most of the tests included in this review (with the exception of 6MWT). Similarly, no study on multi-item test scores for physical function examined internal consistency specifically in pediatric OW/OB. Rigorous evaluation of the measurement properties of outcome measures used to monitor physical function in children with OW/OB in larger collaborative studies is required.
Conclusions and Recommendations
The synthesis of current evidence on the measurement properties of physical function will assist measurement selection by clinicians and researchers with an interest in evaluating physical function in children with OW/OB. Few of the studies included in this review set out with the aim to investigate the measurement properties of outcome measure for physical function. Rigorous evaluation of the measurement properties of outcome measures used to monitor physical function in children with OW/OB in larger collaborative studies is required with a particular focus on those not assessed in the current review: measurement error, validity (content, structural, cross-cultural, and criterion), and interpretability. There is moderate evidence that the 6MTW is suitable for measurement of physical function in children with OB. However, evidence is low for the use of time and distance measures of aerobic and anaerobic performance, muscle strength, and the MABC and BOT2 multi-item performance instruments and very low for tests of flexibility, coordination, and balance. Based on this review, measurement of physical function using the 6MTW is recommended.
All tests, except the 6MTW, require further testing for repeatability and multi-item instruments require assessment of internal consistency in children with OW/OB. Larger gender-and age-specific studies using both BMI z-score and % BF methods together with standardized reference cutoffs to categorize OW/OB are needed to determine physical function outcome measures in children with OW/OB. The selection of age-and gender-matched reference data and cutoffs for OW/OB requires careful consideration as this appears to influence comparisons of physical function tests.O V C 2016 The Obesity Society
